Sodium periodate (NaIO 4 ) and potassium iodide (KI) in aqueous ammonia has been used for the one-pot synthesis of nitriles from the corresponding aldehydes and alcohols in moderate to good yield. This transformation, proceeds via an in situ oxidation-imination-aldimine oxidation sequence.
Introduction
Transformation of alcohols and aldehydes into nitriles is of interest because of the role of nitriles as starting materials for the synthesis of various functional groups. Classically, nitriles have been synthesized via the nucleophilic substitution reaction of alkyl or aryl halides with inorganic cyanides, 2,3 dehydration of amides and aldoximes, 4-6 elimination of oxime ethers 7 and oxime esters, 8 conversion of alcohols, 9 aldehydes 10 and oxidative transformation of primary amines. 11, 12 These procedures suffer from some limitations such as prolonged reaction time, low yield, use of toxic solvents, laborious work-up procedures, harsh reaction conditions, expensive or commercially unavailable reagents. However, the synthetic examples of nitriles using alcohols or aldehydes as starting materials in one-pot procedure are convenient and highly desirable. Therefore, the development of new and practical methodologies on this topic is very welcome. The use of ammonia combined with a suitable oxidant is a useful method for the transformation of aldehydes or alcohols to their corresponding nitriles.
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In this light, as a part of our research program we became interested to report a mild, facile and practical method for the direct conversion of alcohols and aldehydes, to the corresponding nitriles by treatment with sodium periodate (NaIO 4 ) and potassium iodide (KI) in aqueous ammonia at 60 ºC.
In continuation of our efforts to the functionalization of organic compounds, we decided to introduce a new oxidizing system for the one-pot conversion of aldehydes and alcohols to the corresponding nitriles.
In our initial studies, effect of different amount of KI on the outcome of the reaction was considered. For this reason conversion of p-methoxybenzyl alcohol to the p-methoxybenzonitrile, as standard model, was considered. The reaction was performed using mixture containing 1 mmol of p-methoxybenzyl alcohol, 2.5 mmol of potassium periodate (NaIO 4 ), and different amounts of KI in aqueous ammonia at 60 ºC (Table 1) .
The optimal amount of KI to convert p-methoxybenzyl alcohol to p-methoxybenzonitrile is 0.8 mmol, which was used in all oxidation reactions. Therefore, we report here a very simple procedure for the transformation of a wide range of aldehydes and alcohols into nitriles by their treatment with NaIO 4 and KI in aqueous ammonia at 60 ºC (Scheme 1 and Table 2 ).
All nitrile synthesis reactions were performed in a sealed tube and conversion of aldehydes and alcohols indicated by TLC.
In order to consider the effect of temperature, p-methoxybenzaldehyde and p-nitrobenzylalcohol were subjected to the oxidative conversion to the corresponding nitriles with aqueous ammonia by addition of NaIO 4 and KI in ambient of temperature (Table 2 entries 3 and 13 ). In the case of pmethoxybenzaldehyde the reaction was not completed and impurity of aldimine was observed and corresponding nitrile obtained in 18% yield. For p-nitrobenzylalcohol trace Arash Ghorbani-Choghamarani et al. conversion was observed. These results have been outlined in Scheme 2. In order to consider the role of potassium iodide in described transformation, p-methoxybenzaldehyde and pmethoxybenzyl alcohol were subjected to the oxidative conversion to the corresponding nitriles in the absence of KI (entries 2 and 11, Table 1 ). The results clearly indicate that the reaction of p-methoxybenzaldehyde was not completed and in the case of p-methoxybenzyl alcohol trace conversion to both aldehyde and nitrile observed (Scheme 3).
Furthermore, the kinetic progress of the described system was investigated by upward trend of time reaction and its influence to amount of conversion. Treatment of p-methoxybenzyl alcohol was studied in different periods of reaction time. The results are outlined in Figure 1 . As the results show, the p-methoxybenzonitrile yield rises gradually and steadily with increasing reaction time.
A plausible reaction pathway for the conversion of alcohol and aldehyde to the corresponding nitrile with NaIO 4 /KI in aqueous ammonia at 60 ºC is shown in Scheme 4. The initial O-iodination of alcohol with I 2 (which generated in situ in the reaction condition) occurred to form O-iodo compound, followed by elimination of HI to form aldehyde. Aldehyde reacts with NH 3 to form aldimine. Then, aldimine treats with e Reaction performed at room temperature.
f Yield refer to mixture of aldehyde and nitrile. in situ generated molecular iodine to form N-iodo aldimine, followed by β-elimination of HI by NH 3 to generate the nitrile.
In conclusion, simple, efficient and interesting methodology for the one-pot conversion of aldehydes and alcohols into nitriles has been realized. The method involves the use of sodium periodate (NaIO 4 ) and KI in aqueous NH 3 at 60 ºC. The significant features of the system are as follows: a) good to excellent yields are obtained with both aldehydes and alcohols, b) no special equipment is needed for the reaction, and work up is simple, c) the reagents and chemicals needed are commercial available, they aren't toxic metals and expensive, and d) purification of products is not time consuming.
Experimental
General. The chemicals and solvents were purchased from Fluka, Merck and Aldrich chemical companies without further purifications. The nitrile products were characterized by comparison of their spectral (IR, 1 H NMR, and
13
C NMR) and physical data with authentic samples.
One-pot Conversion of p-bromobenzaldehyde to the pbromobenzonitrile. NaIO 4 (321 mg, 1.5 mmol) and KI (33.2 mg, 0.2 mmol) was added to a mixture of p-bromobenzaldehyde (185 mg, 1 mmol) and aqueous NH 3 (3 mL), at room temperature. The resultant mixture was stirred in sealed tube at 60 °C. Reaction completed after 90 min and suspension was cooled down to room temperature, diluted with water and Na 2 S 2 O 3 (5 mmol) was added. The residue was extracted with dichloromethane (20 mL) and the organic phase dried over anhydrous Na 2 SO 4 (3 g) and filtered off after 20 min. p-bromobenzonitrile was obtained after evaporation in 87% yield.
Oxidative Conversion of p-nitrobenzylalcohol to pnitrobenzonitrile. In a sealed tube a mixture of p-nitrobenzylalcohol (153.13 mg, 1 mmol), NaIO 4 (535 mg, 2.5 mmol) and KI (132.8 mg, 0.8 mmol) in aqueous ammonia (3 mL) was stirred at 60 °C. After 180 min reaction mixture was quenched with water and Na 2 S 2 O 3 (5 mmol). Then The aqueous fraction was extracted with CH 2 Cl 2 (20 mL) and the organic layer dried over Na 2 SO 4 (3 g). Further purification was carried out by short column chromatography to afford pure p-nitrobenzonitrile in 84% yield.
